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Elliptic Expert:




In the past thirty years, the sciemific computing community has witnessed a revolution in computer
hardware. Yet over lhis same time, scientific software has experienced only small uprisings here and there.
Although the quality and quantity of available software has increased, lhe nature of the software has been rmher
consmnt-a library of FOR1RAJ.'f callable routines.
We believe that problem oriented, very high level languages represent a first step toward the modernization
of scientific software. An example of such a system is XEUPACK, an X Window System based problem solving
environment for solving elliptic partial diITcremial equations (PDEs). We believe that it represents a significant
step in the development of scientific problem solving environments since it makes significant use of interactive
cotor graphics output and input, as well as use of lhe X cliem-server paradigm. XELLPACK provides a nalural
interface to bridge the gap from lhe world of !.he scientist or engineer Lo the world of the numerical analyst.
Althongh XELLPACK comains vast raw PDE solving power, it lakes an "elliptic expert" to make full use
of its capabilities. For a given elliptic problem, XELLPACK provides 1147 distinct solution pmhs. For the
nonexpert user, choosing a valid path is difficult while choosing the "best" path is nearly impossible. The need
for confidence in results Oms dictates selecting inferior familiar algorithms over superior unfamiliar oncs. Most
similar sophisticated scienl.ific systems share analogous drawbacks.
As a step toward (he solution of lhis problem, we are investigating the use of artificial imeJligence tech-
niques to make powerful scienl.ific computing techniques usable by noncxpens. We arc building Elliptic Expert,
an expen system for solving elliptic PDEs. Elliptic Expert incorporates enough expertise to make the extensive
problem solving capabilities of XELLPACK completely accessible La the nonexpert; i.e., the average design
engineer. Elliptic Expert not only advises the user in the selection of the "best" solution method, bUl nlso aids in
the analysis of the accuracy of the computed solution.
2. ELLPACK
ELLPACK is a very high level language for solving elliptiC partial differenLial equations (FDEs) dcveloped
at Purdue University [Rice & Boisvert, 1984]. It provides the elliptic problem solving machinery for Elliptic
Expen. The basic building blocks in an ELLPACK program are segmenrs which perfonn various tasks ncccssary
to define and solve an elliptic problem. TIle eqllocion, bOlUldary and grid segments are used to define the POE,
the domain and the grid. ELLPACK conUtins four basic types of elliptic problem solving segments. Discretiza-
lion modules discretize the continuous problem by generating a sysLem of linear equations. Indexing modules are
used to order lhe linear system which is then solved by a solution module. Triple modules incorporale aJllhree of
Supponed in part by National Science FOtlnmlion gr.mlS CCR-S612676 ond DCR-86023SS.
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Lhe above steps into one module. Orner scgmems allow the user to specify output modules and [0 incorporate
FORmAL'\{ code and subroutines imo an ELLPACK program. ELLPACK currently includes 9 discreLization
modules, 7 indexing modules, 18 solution modules and 13 lriple modules.
Though ELLPACK was iniLially developed as an environment for evaluating the perfonnance of algorithms
and software for elliptic PDEs. it is also recognized as a very powerful tool for solving a large class of problems.
Besides its basic function of solving second order, linear elliptic PDEs with Dirichlet, Newnann, mixed or periodic
boundary conditions, ELLPACK has been llsed to solve nonlinear problems, lime dcpendem problems and coupled
systems of eIlipLic equations. Moreover, extensions of ELLPACK have been built to handle multiple domains,
automatic domain mapping, Schwarz splitting and automatic grid adaption.
3. XELLPACK
Thc original ELLPACK system is strictly "batch" oriented and produces only simple. monochrome graph-
ics oUij)ut. With the advent of modem scientific workstations comes the ability to do nontrivial interactive com-
puling and sophisticated interactive color graphics. In order to take advantage of these powerful problem solving
environmenr.s. Wayne Dyksen and Calvin Ribbens have developed Interactive ELLPACK [Dykscn and Ribbens,
1986]. InteractiveELLPACK is an extension ofELLPACK which improves upon it several important ways.
1. A new menu segment was added which allows the user to build menus of traditional ELLPACK statemenr.s,
and chose interactively from them at run lime.
2. ELLPACK's grid specification scheme was extended to include a grid module interactive which allows the
user to specify and change grids via graphical input devices throughout the execution. In parLicu1ar, the grid
construction can be overlaid on a plOl of any function such as the residual or an estimate of the error.
3. New wee-dimensional color graphics oUij)ut modules were incorporated [Bonomo and Dyksen, 1987].
Most recently, Interactive ELU>ACK has been supplanted by XELLPACK. an X Window System based ver-
sion of ELLPACK [Bonomo and Dyksen. 1988]. XELLPACK provides graphics input for constructing grids,
pop-up menus for selecting solution techniques. and color graphics OUlput for analyzing solutions. Using the X
paradigm, a user can interface with XELLPACK from any X workslaLion while an XELLPACK client solves an
elliptiC problem on any machines or machines on the network.
4. Elliptic Expert
Elliptic Expen is an extension of Interactive ELLPACK which guides [he user to the solution of an elliptic
problem. Elliptic Expen advises the user in three main areas. namely
1. in selecting the "best" ELLPACK elliptic problem solver
(Le.• the "best" discretlzaLion/indexing/solut..ion module sequencc or the "best" lripIc module).
2. in selecting the "best" grid, and
3. in analyzing the accuracy of the computed solution.




(x, y)e (0, I)X(0.1)
x =0. 1, y=O
y= 1.
The Elliptic Expert program in Figure 4.1 uses two menu segmentS. The first gives the user choices in solving [he
ellipLic problem, and the second allows lhe user to graph any of several funct..ions. TIlc resulting X windows arc
managed by a built-in pop-up menu. There is no limit to Ihe number of menus Ihm can be included in an Elliptic
E:o:.pert program. The objectives, knowledge and advice segments arc new and unique to Elliptic ExpcI1. A sample
display from this program is shown in Figurcs 4.2.
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equation. uxx + uyy + (20*pi**2ju ~ 0









































































Figure 4.1. Sample Elliptic Expert Program. The program uses lWO menu segmcms; the Jim gives [he user
choices in solving the elliplie problem, and the second allows the user LO graph any of several funclions. The
resulling X windows arc managed by a buill-in pop-up menu. The objectives, knowledge and advice segmenls are
new and unique LO Elliptic Expen. A sample display of EllipLic EXPCil is given in Figure 4.2.
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Figure ~.2. Sample Elliptic Expert Session. Elliplic Expert advice is given in the upper left window. Graphs
of the absolute value of Lhe error for two diITerem grids is shown in the two lower windows. (The nClunl Elliptic
Exp,m display is in color.)
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The architecture of Elliptic Expert is given in Figure 4.3. The expert sysLem portion of Elliptic Expert is
being implememed in OPS5 which is a member of lhe family of production-system languages based on the
production-system paradigm [Brownston et at, 1986]. The basic compound dam structure definable in OPS5 is
called an element class which is similar to a record in Pascal or a SlruCture in C. Components of an elemcm class
are called atlribures. An OPS5 program consistS of a declaration section which describes the element classes used

















The basic architecLure of OPS5 is i,ncluded in Figure 4.3. During execution, insw.nces of elemem classes are
kept in working memory while rules are kept in production memory. Working memory is usually initialized afLer
Lhe declarations and rules have been loaded; instances of elemem classes are created via the OPS5 make action.
The conditions in the mles involve elemem classes. The actions may include making, removing or modifying
insl:lnces of elemem classes in working memory, making or removing rules in production memory, writing OULput
to the user, and reading input from the user.
When run, Lhe OPS5 inference engine execmes the following so-called recognize-act cycle.
:=epeat
do unification pattern match with bindings
oerform conflict resolution
fire the selected rule
until (the conflict set is empty) or
(a halt is performed) or
(the cycle count is reached) or
(a brea~?oint is reached)
To do the pattern matching, the inference engine compares the cOn[enLS of working memory with the conditions in
e:lch rule. If Lhere exist instances of elemem classes in working memory which satisfy the condiLions or a rule,
then an insmnce of the rule with the panicular bindings is added to the conflict set. If, after the paLlern maLching.
the conflict set contains more than one rule insmntiation, a series of LesLS collectively consLituting conflicl resolu-
tion is perfonned to select one instantiation to be fired (Le., the actions associated with the rule are cxect!Led).
Each test produces a partial ordering of the conflict set; insLanLiations that arc dominared by others (i.e., deemed
less impon.am) nrc discarded. One selection slr.!tegy places precedence on the first condition of each rule; this is
called the means ends analysis OvIEA) selection str3tegy.
Elliptic ExpeJ1 is goal oriemed, using the i\tIEA selection strategy in OPS5. Examples of types of goals <lre
select apolicaole discretization, select best discretization and print discret.iza:.ions.
ElliptiC Exp~n has Lwo-lypes of goal strategies, symb~/ic and algorithmic. The symbolic sLI:uegies arc based on a





















DPS5 Working DPS5 Inference DPS5 Prodm:Lion ,
Memory Engine i\:kmory I, ,
~----------- J
Elliptic Expert
Figure ./..). Architecture or Elliptic Expert. ELLPACK provides the problem solving power, XELLPACK pro-
vides a high level grllphics and network interface, and Elliptic Expen provides guidance in problem solving nnd
analyzing compUled results.
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knowledge from the user, theorelic::ll perfonnance knowledge of modules and actual performance knowledge of
modules applied La other problems. The algorithmic strategies are dynamic and based on both a priori and a pos-
teriori knowledge; that is. me goal achieving process may involve any of the following: calculations to sLUdy the
behavior of the coefficients. forcing function and boundary data; uial, low accuracy, cheap solutions; lrial solmions
using the two or three "most promising" melhods; or, additional input from the user after presentation of the ini-
tial results.
The knowledge-base of Elliptic Expen contains facts and rules which it uses LO achieve goals in the process
of solving an elliptic problem. The knowledge-base faclS describe the following:
1. me elliplic problem by defining
• the domain.
• lhe partial differential equation,
• lhe boundary conditions, and
• lhe grid;
2. user objectives by giving
• accuracy requirements, and
• resource consr.raints;
3. and metaknowledge such as
• elliptic problem properties, and
• solution properties.
For example, OPS5 declarations for the clement classes describing an elliptic problem in Elliptic Expert are given
in Figures 4.4 and 4.5; the naming conventions used in Elliptic Expert are inheritcd from ELLPACK. The infor-
maLion necded to create instances of these elemem classes is gleaned from the Elliptic Expert program by thc
preprocessor. Instances are created via the OPS5 make action; these makes are written to a file from a FORTRA.l'f
environment bcfore OPS5 is invoked. In tum, OPS5 reads this file of makes and creates instances of these ele-
ment classes in its working memory.
The knowledge-base contains goal achieving rules pertaining 1..0 the following:
1. discretization or triple modules by detcrmining
• the applicability to the elliptic problem,
• the elIect of grid on the discrete problem,
• convergence properties.
• the discrete problem properties,
• resource requirements, and
• relative ranking from the past performance data;
2. solution modules by determining
• the cll"ect of and/or need for indexing,
• the applicabililY to discretization,
• resource requirements, and
• relative ranking from the past performance data;
3. goal slmlegics for
• selecting applicable solUlion pmhs,
• selecting the "besl" solution paths,
• selecling the "besL" grid, and
• evaluating the solution.
As an cxampk, an OPS5 declarmion for lhe clcmem cbss describing discretization modules is given in Figure 4.6.
Example rules for the goal select_applicable_discretization arc given in Figure 4.7 for th~ module 5-
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constanc, but not 0 or 1
is nonconstant and depends on all of the independent
variables given (e.g., "xy" means it depends on x and y)










; t if in self-adjoint form
t if no cross derivative terms are oresent
t if all the coefficients are const~nts










t if two dimensional
t if rectangular
t if boundary is parameterized clockwise
t if holes
t if internal arcs
Figure 4.4. Elliplic Expert OPS5 Declllrations. lllCSC declamtions define the clcmcm classes describing the
partial dilTcrcmial equation and Lhc domain.
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30unca~y Conditions
The boundary conditions can be one of "dirichlet",











nrona bounda~J info for ilnbnd boundary segments
boundary variables
t if coefficients of the boundary conds are all constants
t if all are dirichlet
t if all are neumann
t if all are either dirichlet or neumann
t if all are either dirichlet, neumann, or periodic
t if all are trivially uncoupled
t if periodic in A
t if periodic in y
t if periodic in z
t if all are oeriodic
t if no~ (lldrch or llneum or Ilprdc)
t if all are homogeneous















































number of x points
number of v ooints
: number of z points
: t if ilngrx eaual (2**k + 1) for k>~O





either just_created, new, refined
Figure 4.5. Elliptic Expert OPS5 Declaralions. These declarations define the elemcm cI<lsses describing the
boundary conditioos and the grid for a problem wilh a rectangular domain.
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point-star. Note that if one of these rules fires, it merely cremes an ins Lance of the elemem class discreti-
zation for the module 5-point:-star in OPS5 working memory. Oilier rules use these instances 10 achieve

















; ELLrACK discretization moodule name
either just created, ne~. changed, possible
used for orcering Discretizations
maximum ~umOer of coefficients per equation
maximum ~umber of equations
bandwic~~ of the resulting linear system
amount 0= worksDace needed
tirr.e ~ ilkban *-ilkban * ilmneq
order 0= accuracy
t if ge~e=ated linear syscem is symmetric
op~ions to be used
Figure 4.6. Elliptic Expert OPS5 Declarations, This declaration defines the element classes describing discr~li­
zation modules.
A typical scenario for the use of the expen system pan of Elliptic Expert is the foHowing:
I. The user asks for advice (in a FORlRAN environment).
2. Elliptic expert writes a file containing the OPS5 "makes" describing the elliptic problem.
3. Elliptic Expert invokes ("execs") the expen syStem which is Franz LISP with OPS5, the Elliptic Expen top
level and the Elliptic Expen rules preloaded.
4. The user asks for applica~le discretizacions.
5. Elliptic Expen makes pri:lc_discretizations and select._applicable_discrat.':'zat.ion goals
(now in a Frnnz LISP environment).
6. Elliptic Expert runs the OPS5 inference engine which prints the desired information.
7. The user requests to exit.
8. Elliptic Expen exits Franz LISP environment back to FORlRAJ,'I environment, and the user continues with
the session.
5. Conclusions
When completed, Elliplic Expen will serve in a number of roles. Obviously, iL will function as a powerful
tool for engineers and scientists who solve elliptic partial differcnLial equations. Since the rules arc companmen-
w.lized by goals (e.g., "select_best_discreLizalion"), Elliptic Expen will provide elliptic researchers with an
environment for experimenting with wriLing rules for production systems. i\-IoSI impofl.,mly, since the computing
done is typical of scientific computing in general, Elliptic EXpCil will serve as a model for other expen syslCms in
scientific compUling.
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(3C .... lldrch t
.... llt.ang .. :1il)
(Grid "i1ngrx {<ilngrx> > 2}







Ailrnneq (compute (~~!ngrx> - 2) * «ilngry> - 2)}
Ailkban (compute <~~ngrx> - 2)
"ilb~rk 35
Aorder 2
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